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lively interest in the work and hose advice and aid have been ine 
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FPPRCT OF PNTRATPSD AIP OW THE ACTION OF 
wep PIP T ALAPY VALYRS. 


This thesis ig an sccount of a number of tests make at the oe 


Underwriters! Laboratories and on @prinkier installa tionsin this oy, 
neving for their object an investigation ef the astion of alarn 
vaives and the effect on them of tne entrapred air, vith a view te 
deciding what conditions an acceptable alarm vaive must be abie te 
meet. 

The work done comprised a series of tests at the Laboratories. 
en the Grinnell and ivans alarm valves using various air cushions, BS 
an investigation of sprinkier installations in order to find out 
air cushions are to be met with in the field, and a discussion of 7 
the conditions which may affect or alter the effest cf the entrapped — 
air with sugeestions for cernducting teste of aiarm vaives, i 

The work was done by the four aembers cf the class under the > 


direction at Trof. Fitehugh Taylor, who has at all tises shown a 


valuable. The investigations carried on in the field were done 3 
with the consent of the Chicago Feard of Underwriters and ve desire re: 
te express cur indebtedness to vesors. Gildden and Rice for their aia 
in securing the necessary permission and information, and te vr. 
Brumhaugh wae, a8 representative of the Board, rendered us great 
service by hie knowledge of the systems; aise te the firme which 
permitted their aystems to be used for test. 
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ts The chactic state of the alarm valve gituation has been dus, 
in part, to the inability of the Laboratories to issue requiremente, 
er to conduct teats which would show with any finality whether or 


not & Waive would behave reiisbiy in the field. This inadbiiity 
has been caused by a Jack of knowledge regarding thse conditions 
whieh an acceptable ajara valve must fulfil, snd the items affecting 
ite action. i 

Tt was known that the effect of air entrapped in the system a 
tas the prinoipaid cause of trouble, and to investigate and demonstrate — 

this effect « series cf tests wag made on tne Grinnell and Evans 
a@darm valves, using various air cushions. 

In @ sprinkler system, air is entrapped in varying quantities 
at different levels, and since on this account it is impossible te 
express the air oushicn in terme of pressure and volume of air, “ref. 

Tayler devised « sahene for expreasing an air cushion by ite effect: 
the number of galigne of water rassing the alarm check while the 
service preswure ia raiasd from 60* te 120° he calied the “fiexibiiity 
of the system," Using thie methed of measurement, an attempt was 
made to disegver the relation, if any, between service preseure, 
fiexibility, and sensitivenees, the Geneitivendss being the emaldiest 


ficow from the syetem whieh wili operate the alarm. 


ee 


PART I. 


Taberatary Teate of Grinne la and Evane Ajarm Valves, 
METHOD. Tne firet step in the testing of tne Grinnell and Svane valves | 


wap to device ecme seans for chtaining and reproducing air eushiens of | 
“a 


a 
“oi 


any desired flexibility. Por thie purrose the etandpiys eas filled 
: with water by Bleeding off the air through the drain pipe, 66 ae te 
reduee ite fPiexibiiity te a known valve (0), and the air cushion varied 


a 
| 


- entirsly by means of the 606 gal. calibrated tank on the first ficer, — 
The tank wae re-calibrated, & curve being plotted with galions 
flexibility acainst galiens of air in the tank at 757. Curwe i. Te 
points on this curves were obtained thus: with the pressure at the sada 
gauge 607, the volume of air in the tank sas rend; the pressure was 

raised to 757 and volume read again; the pressure was raised to 12¢# a 


and tos voluse read onos more. The volume of air at 75% is the 


abeciosa, and the difference between the volumes at 607 and 120", « 
the flexibiiity ~ the ordinate of the point. 


The first test consisted of a single run, snerein the relation 
betwoen Tlexibility and sengitivenes?s at a given service pressure « 
75% - saa sought. Curve Il. if a graphical representation of the | 
resguits, . 

The second wet cf teata wae to show the relation of service 
prassure to sensitiveness then the Plexibility resaina constant. 

Rune were made with flexibilities cf 406 g4i., 7% gad., and 100 gal. 
The results are sheen by Curves P., ov., #54 VL, reupectively, The 
exact conditions of suoh test are noted on the ourve sheets. 

Tne rate at which water sas drained frem the systes was 


geasured by moans of calitrated nozzles and preseure - delivery curves, 


The werk on the International alarms vaive was limited to one 
ron in #nich a curve was plotted between sengitiveneso and flexibility 


with service pressure constant. Curve 3, 
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R&SULTS The curves and data of these tests shee the fclieving points 
in connection with the Grinnell Vaive: 

The sensitiveness cf the valve varies widely under different 
Conditions of air cushion. SeeCurve 11. Witn 73¢ service pressure 
ana any air cughicn with a flexibility in exeess of i206 gai., an 
infinitesimal leak wili send in an eiectrical alarm. With the 
fiexibility between 6 and 120 gal. the sensitiveness rises from 4 
te 16 gal. peor minute, and falls again to ©. 

Tne seneitiveness cof the valve is sericusly affected by 
tincr changes in the test cenditicns,. Such changts may he an altera« 
tion in the length and size cf the water motor connection, a change 
in the clapper, a shance in the spring or diayhrage of tne eiectric 
circuit closer, or any slicht cbhstrueticn of the drain from the ree 
tarding chamber, Curves IV. and V. Under certain eonditions ne 
alarm wae obtained with discharges of SO gai./min. 

The work on the International valve, though brief, vas 
sufficient te show that at 75% service preesure with the flexibility 
of the systema betesen 100 pai. and 230 gal, the sensitivenese is 
practically constant at 2.5 gal., increasing siightly with the larger 
air cushions. 

The relijability of the alarm meohanitem is much greater in 
the International alara valve than in the Crinnelii; In the Grinnell 
valve the alarms are operated by the fPiuetuating presgure in the 
retarding chamber, while in the International valve the cperation 
ef the aljarm mechanism opens both water meter and siroult cioser to 
the continuous action of full wervioe preasure. 

The foregoing tests showed the unreiiabiiity of the Grinnell 
valve when used over even a moderate range of flexibility, but no 


definite statement could be made as to ite acoertabliity for agtual 
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service, owing te the jack of information concerning fioxibilitiecs 
@xisting in tne fieii, It wae therefere deaided to investisate 
ae Pany inataiiations as poesibie in the retaining tise, and pore 
miseien to de thie sae obtained from the Chicago Beard of Unters 


eriters by Prof, Tayicr. 


PART II. 
, Manner In @nich Air Is Entrapped In Sprinkier Systess. 

Before proceeding to an acccunt of the investigations carried 
cn in the field, a deseription #ili be given ef what takes place when 
water i¢ turned into s @prinkier system, hen water is introduced, 
the piping is full of air at atmospheric pressure, and as the water 
rises from the valve te the firet erosowain it compresses the sir 
ahead of it. As the sater level pagses the iret orceamain it trape 
west cf the air in thet ores araln ane uiauches at Slightly sore than 

atnoarpheriea pressure. Ag the water ievel agntinues to rise the air. 
ahead of it is sompresved,(and iikewise the air in the firet iwvei) 
and ag ft passes the second ievel traps thise srosenain and. branches 
with nir at a eligntly higher pressure than before. \Thie gontinace 
as the water level rises, water being forced inte ail the submerged 
crosgmaing at the same time, theugh not at the same rate,. The air, 
being in Contact with the water, imeediately berins to go inte solution 
the rate and extent of the aaturatieon depending on the pressure, the 
amount of surfaos in contact, and the temperature. 

If water iv drawn from the syetem the reverse of this action 
takes place, save Por the affect of air icsses; tais assumption formed 
the basis for the methed of investigating air cushions in the Pield. 

If 2 difference of pressure @xist betewen the system and the 


éurply, a fics of water w1il coour te equalize it, the air wiil be 


Bia: 0 Fy ‘pant ogie Byer a tga at ath via 
fies mene Led ™ cones: a foe CR acciniel 


a 


— a: catenwert asvievonis va ae a keen i 


he ni, 1% 
meen syste 


* oer nage one ess Kio 
) FE accede Bs at ee anon Riga sie 


Maha ¢ i 


i. a pink | 


pee 


a ion oh  atiak oF. ae age ut “seta? ge 


wat ot 


29 net, oat mn Cee te wine nae ee see 


mie 


~ ane ) wears Fer wane ed creme aioe i nee 


in neo 


6. 


\ 
compressed and water forced into every submerged crossmain. Whe re 
alarm valves such as the Grinnell and Evans are used, which operate 

by the lifting of a check, a difference of pressure will be caused by 
the differential of this check. The amount of water passing ona 
snap of the valve in order to effect equalization depends on the amount 
ef this 4ifferential,and the o compressibility of the air cushion. As 
the differential of any valve remains practically constant, we can 
consider the flew of water te vary with the erapredaiiii Sy nant 
which it acts. The quantity of water, expressed in gallons, which 
must be introduced into a system to @qualize a given difference in 
pressure we call the fiexibility. As previously stated, the flex- 
ibility is measured between 60# and 120#. Later it was found con- 


venient to adopt more restricted limits. 


PART III. 
Investigation Of Air Cushions In The Field. 

In pursuance of the decision to coliect flexibility data fram 
the field, a number of sprinklered risks were visited and permission 
obtained to make the tests. 

APPARATUS . The equgpment required consisted of gauges, 200# and 
30#, with connections and Ste eatiara we 4 gal. pails, a large 
funnel, wrenches, trimos, pipe fittings, ete. Fach system is fitted 
with a 2" drain pipe tapped into the system just above the main alarm 
cheek, the pipe being fitted with a union between the valve and the 
floor. At the top of ¢ach system equipped with supervisory service 
a 1/2" test pipe connects the top crossmain and the drain through a 
giobe valve and union. 

MFTHOD, The tests with slight variations, were conducted as follow: 
The 2" drain pépe was opened at the union, and the ‘apper part bent 


around to one side so that the pails could be conveniently filled 
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from 1%; inte the open end of the drain the funnel was inserted. 

The preceure gauge above tho check valve wac removed and the test 
gauges ané their connesticens substituted, if readings were te be 
taken at the tep of the riser, the union in the teat gipe was opened 
and gauges connected by moane of | BuBhing., Lastiy, the ain gate 
valve at the base of the riser was cigsed, the ical alarihs naving 
been disconnected. The proseure at the base of the riser,-and 
thet at te top, in case tep readings were taken ~ ware read and 

4 gal. of water, one paid full, drawn cut through the drain pipe 

and dumped inte the funnei; prescures wore read again simuitaneouaiy 
and another pail full drawn ovt and ametied, Thia sas continued 
until the syetom had been drained. Top readings were tuken on 
@ignal frow the vettem, slgnailing beine done by tapping on the 
piping with a wrench. 


, 


Ag a fule, two tests @ere run on each risers that ie, after 


Geerke As Anove Mw THE Gnoition Ia Miicy 17 WAS Fou fvo> 
the riser had ven) destined of the water found standing tatty it ®as 
TESTED 


refilled from the pressure tank, and again’ deaieed. At the end of 
Gach test the systes wae vented, and ths regaining water co lun 
meagured by reducing the gauge reading to feet Read cf mater, 


A vacuum wae produced in the first test of nearly every riser, 


| 


and thic #a5 menaured, Piret by attaching 4 vacuun gauge and iater by. 


ehifting tho needle on the 30? gauge uved at the tor, and recalie 


brating 1t to read af a Compound cauge. 


CURVES. <A complete investigation consisted of two rung, taking beth ~ 


tor and bottem readings, and the curves representing them are pletted | 


with presgures at the base gf the riser az ordinates, and quantity 
of water draen out ae abeoiveas. In addition to these curves, water 


Soiumn curves were plotted wnen tor readings were taken. 


| eo edna oe pseciatet 
Sey ahs bia freee ee oer eons sey pom aie ames 

C ae we wie edi has a “sr endo ithe os: tee a ui 
Paso sha alla bt | eat: noe ‘ity qienaa ‘aie he oe SS ‘ead nie 
| ikiek agin ieee eae) gaa Be bi karan: Veberonons asi ae ; 
poeeses ir thes: whe ‘yeod be vie amagy aii. st wa aie ae Bi . 
meotad 0 et ott $e wrow ate ‘pat’ 


_ beets sae nat tiie dos Hato irewer eae ues 4 ALS Be 
oh cia me re OB yee: Nae! Seat tenes: ontde wt 


ew Ann taps: Sd ‘aaa ee nes ett ieee ¢ aul se 
4 : ; 


yt es ent sa 0. oer Cathal id sical me ae x «ae is; 


mitts. “Lhasa bilan: mae rene teh sare 6 wort us 
Mowe ae aati aad pate abbey aeanigh weit: ake tant + 
ea ww heen aye esaeeaa wane be oapyaben ™ . 


“leon site 0 a a iit car Wo. mite: ae ebbesit ot ; 
+ eiuial fmzogasoe rt os soon gi We, an ie a 


oe, shan isan sete Se Hore Lola sakd opbsnorak omnes’ 


uy fel 


ne ahe on wet gatantr: gas eoehion ‘ith pha yf 


wittawne bie. Rat Py 2 oie na I eee ts inhi 


Lirinae . ie 
" Bie eeaye angst wf Raph) She ‘oh: esr ana a be the fees ‘ih 


egal 
‘ates: ‘te ie en a6 Aocee san 


ON Youd ba ay st aH 


The water column fer any given pressure at the base of the 
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ricer was cbtained by subtracting frem the dbettom pressure the corres 


pending ter pressure (in #/sqg.in.) and converting te feet nead of 
water vy multiplying by @.30e8. 

On Gach curve sheet a sketch is drawn showing riser and the 
ficcrs by heavy dines; under @ach floer supplied by the riser a 
emaiier jine indicates the crossmain; meazanine ficers are shown 
by dines hich ars ciightly omalier than the fleer lines but lenger 
than the lines representing sprinkler branches. 

The form of the flexibility curves is a combination of 
hyperboilas and a Straight dines, the hyperbolic characteristics being 


gue to the air pockets, and the atraight dine effeot, to the water 


ccluman. The effect cf the water column is greatest in high systems, 


; Curves of 
especially high systems with small risers. , Sywtems ef low height 


and large area approximate more nearly the hyperbola, Yhe “ateps*® 
in the ourves show whetner « riser or a crosmain is being grained, 
the fiat portion of a step showing the amount of water drawn out 
between the unsealing of that cresemain and ite Cinai draining. 

The water column curve shows that tne amount of water drawn 
out befcre the level drops below the tep coroegtmain is much greater 


than the amount drawn cat at any eubsequent oresmain. whe agoumpe 


tion is that while any cresemain is being drainsd, water is also being 


drawn from all the submerged crose mains. 


PART IV. 
Conditions Yhich an Acceptabie Vaive Nust Meet. 
The investigation of actual air cushions in the field, while 
far from complete, nevertheless gives some idea of the senditions 
whieh an alarm valve must meet in practiog, ant makes possible the 


carrying on of thereugh and reliable tests in the Laberatories. It 
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was found that-syetess heving atfiexibiiity between GOf and 1267 of 
more than 1% gai. ere far from uncemecn, and that in systers of 
excaptionad neieht the faexibiiities may greatiy exesed thie. 

Yor cenvenionse in describing the effect ef air cushion in 


sprinkler systeme, a mor restricted definition of Piexibility has 


veon found degirable, for tea gystems having the same flemidbility 
beter en 604 and 1004 way differ eoneiderably in ether anaracterietion 

Hereafter, anlwess stated ethersiaa, the flexibility will be 
the nueber of galigna snich sust ve druen Prom the syetem to lower 
the pressure at the foot of the riser 167. Ax this flexibiiity 
differs at every pressure, the pressure at whion the Tlexibiiity is 
taken gust 0¢ stated, For inetanee, tha Plexibiiity of any system 
St 667 {so the nusber of gailens of sater which must bo dragn from 4 
that syctem te lower the pressures at the valve te 50%. 

Ve are nov able te state definitely wiat conditions an 
aecerptable aliarme vaive must fuifii. Considering only Piexibiiities 
at 175%, 1207, 85%, and 60%, our resulte show that at 1757 sith « 
gyetem of great height and iarge riser (Barshali, Field & Ce.), a 
Gondition of maximum flexibility, the fiexibliity is 23 ¢ali., with 
& Gmiller system, 4 gal. At 1208 the flexibility varies from 4 
to Jt gal., average about 10 gal., at 887 Prem 4 te 40 gai., 
avcrage about £0 gai., at GO* from 12 te 46 gai, average about 38 
gal. The data obtained at warehall Field & Cota is net inoiuded 
in the foregoing, av this system was totally unlike any other 
inveetiguted; at 120# the flexibility wae lce mal, as against @ 
maximum of 16 gal, eleewnere, at 667, 128 gal’ avs ayainat 40 @al., 
at GO?, 125 pal, as against 6¢ gal. 


Waile it ie very decireablie that a valve onouli be designed 
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te successfully mect alli pessibie eenditicns, it say be found 
necessary to make a special classification of systema whieh shew, 


or might show, evoh oxcepticnali characterietics as the oxamrpie 
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above a4 ted, The fast that the installation ef a sprinkler 
equipment 15 or J6 steries high souid in every qase be dene under | 
the most eareful supervisicn, would remove the danger cf the use 

of ordinary valves for this purpose. 

In the lieht of cur present xnowledre we feel safe in 
etating that an acceptable valve must have 4 sensitivengsa of not 
lese than’ i gal/win, ehen operating against the following 
fisxibilities: 275% - 95 gal. | 

120% + 25 gai. | 


607 ~ 75 sai. 


The Clexibility of a eprinkler system is dependent, appar- 
@ntiy, on its eise (number of heade), and height, and the tight- 
noes of the joints. Of these, the most important facter for the 
original flemivility i« the height, ae shown by the curves Prem 
Pilsen Brow. and Warshali Field 4 So. ‘he 4 story installation 
of A.C. weClurg and Co. with a totai of 960 heads showed a 
flexibility of 63 gai, between 607 and 1264, while Yilsen Bros. 
a 40 story inetallation with a totai of 8S. heads showed a 
ecrresronding flexibvility of 124 gai. Gther things being equal, 
number of hesds seams te affest the fiexibiiity in direst ratic. 
The fact that at beth Pileon Brows and Marehali Field & Uy, 
the air cushions had been undisturbed, whgreas at A. C. MoCiurg & Nc.- 
by ADT inspectors 
Some of the air had prebably been drawn off te—tsi+—<“ay may have 
infiuenced the above figures to a siieht extent. The generality 
hoide good. 


Tne aifference between the curves cf the first and second 
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tests of any system shows the effect on the flexibility of air in 
losses from the system. These air losses may result from leaks 
at joints or heads, solution of air in the water, or by draining 
out of air at the test pipe by A.D.T. inspectors, Air losses 
are not of much importance, since, in general, if a valve be 
designed to operate successfully in a system of given flexibility, 
it wili continue to give satisfaction with a diminished air 
- @ushion. 

Changes of pressure are net of such slight igportance, for 
the fact that a vaive acts satisfactcrily at one pressure is no 
proof that it is reliable at any other pressure. Curve sheets 

4 and 5. 

Testing of Alarm Vaives. 

The apparatus available for reproducing air cushions at 

the Underwriters' ypaboratories consists of a 6" standpipe 70' 

high and a 60 gail tank. Air oushione with flexibility between 
60# and Z20# from O to 300 gal. can be obtained with the tank 
alone, and with both tank and standpipe this might be increased to 
350 gal. A flexibility curve of the tank with an air cushion of 
40 gal. flexibility was obtained, Gurve 8, and is a fair approx- 
imation of the field curves for this size air cushion, For more 
accurate work the tank might be still further calibrated so as to 
reproduce any one of the small portions of a flexibility curve 
within a 10 gai. range, 

tt is not in the purpose of this thesis t attempt to oute 

line a method cf Laboratory tests but merely to show what conditions 


exist in the field, and to briefly suggest how they may be duplicated 
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DATA or INDIVIDUAL INSTALLATIONS. 


SRRINALER EQUPITEMT , ] 


REMARKS. 


[NN f/f TRS S/S eee 


Second Tess 
2 vhs, SVG: duplicate of first 
2YRS. 
8 Press-2000. FIRST TEST NOT MADE, SEcon 
aa LARS. YEs. CARRIED To 60*0my. FEAR 
oF EALEAESING HEADS, 


4 GRAY. sO, 
st 7 F 
t Tosi Two Risers FEED freor One 
IB YE s. 6° Vacve By ABouT 40’ 


Ga fCAeo (MERCHAN TILE A ee 
l0é-h2 WABASH AVE. 


KELLOG, MacKay, 
CameERON, 1903. 


2 Pressr3199, 


Witson Bros. \ LB 
: 552-38 FierH Ave) 3 


/YARSHALL FIELD &Co. | 
I-39. TATE. OT 


AGC. SPALDING & Co. 5 @B 7 
/4/-49 WABASH Ah Gore 


/MorRIs, Manny & FIL Ly 
183-[ FIFTH AVE. \. 


Unpoerwrrers LABo- 


le Gral= 21,020 


cheated. By 
Gew. Fire Ex. Co. 
j 1901. 


| Taw House 
| Mezzanire. 


From Carson, 
PIRIE, Scorr &&, 


6” Pipe. 


PHOENIK, By. 


/ PREss. 3/00 

a“, 

PHoENtK FIRE Ex.Co, id 
t / 


907. PG Ran 13/448 : 


GRineL Susrem 


| -| SEcovD | PRESS: 4500. 
FATORIES. Sela J &D ae Sodas Various. ves oF 
. . Lunn, 
THOMSON & JAYLOR. 7 2B C Grunnes 02d & New| 2 Specie ae8 Oty Mexzanin es On HSE. 
f ano 7”: Ss LIED, esr 
66 2 MICHIGAN Ave) PEEL Mapuracroneas, Sat / Grav. Ge here aT Peas eB. 
| Woe ore 6" 


A.C. /7£CLURG d Lo. \4 ep Woe ore 
455-17 £. Ono St B 


TRUAX, GREEN & Co. | 2 
42-46 ‘ci "iy | 3,% | Cermrcere 


MEZZA NINES, 
ALBERT Pick & Co. 


2 PRESS. 42 260) 


Gan Fire Ex, Co. 
t / 


907. 2GRAY.- 390 


Consinerasi.a Air Draw 


LYRS. 15° YSs. ofFF By ZN GIWEER. 


Gauge ae befew drain 


inet. New Far, 

TERN, 

ie Fire ore Co. 
1398. 


/ PRESS - a2 76. 


1 GRrav- (6,266: 


CHICAGO MERCANTILE CO. 


EAST RISER. BOTTOM READINGS. 


FIRST TEST. SECOND TEST. 
125 45 18.8 125 42.5 18.4 — 
119.5 42.7 18.4 121 rk igs 
7 as 
ioe 41.7 16.3 106 Sate aid 
a ; : 102 38 14.9 
101.5 41-5 15.5 sate (eae 14.5 
97.5 40.8 14.8 95.5 37.5 13.5 
93 59.5 15.9 — a9. 57.35 12.7 
91 aan . 86 57.3 11.8 
ae ae 146 83.5 37 11.5 
Bt , 83.5 56.8 11.4 
82.5 11.3 79.5 55.8 Rie 
80.5 56.7 a1.2 77 25.2 . 1 
78 EY : 11 76 35 10.8 
ue 55 10.7 71.8 54.5 10.4 
73 55 10.5 70 33 10. 
70.5 55 9.4 69 3202 9.4 
70 5466 8.8 67.5 Sa 8.6 
68 33.8 a 66.3 Ya 8.2 
66.5 33 7.3 65 31 7m 
65 S264 6.6 64 50 ee 
61.5 29.8 5.8 60.3 28.35 5.9 
5.3 59. : ‘ 
60 28 4.8 58.5 28 525 
58.5 are 7 4.2 58 elel 4.8 
57 otek % 56 wa: 3.8 i 
56.8 27 2.6 55 27 5.8 
56.4 26.6 22 B42). San? (2.8 
55 26.4 1.7 52.5 26 Red 
52 25.6 1.4 50.5 12408 1.2 
52.5 25 49.8 4 Ly 
1.3 2 
52 4 48.5 25- lL 
ra oe Les 
51.2 25, 48 2Re 8) 
2 Lat 21.7 
50 22.7 1 47 : Tae 
48.5 21.8 .8 re 4 Bi 20 
= 2 46. ee i ey 
heed Al e 46 19.8 SLIGHT BLOWING. 
7 FF hal Bie erg , 
46 19.6  sucriroN aE 19.4 
ae _ 19.6 WATER COLUBM ie 19.9 
iU 19.4 9 FEET. 19.1 
45 19.1 ae 


WILSON BROS. SOUTHWEST RISER. 


BOTTOM READINGS. 


FIRS! TEST. NO SECOND TEST. 
152.5 66 38 16.2 
130 65 37.5 15.2 
127 65 37 14.3 
124 64 36.5 ere | 
121.5 65.515. 35 13 
118 62 34 12.8 
116 62 33.5 12.6 
113.5 61 33.5 12 
111.5 60 33 11.s 
108.5 58.5 35 ae 
107.5 58.5 35 i 
104.5 58 S205 

102 57 32.5 6.8 
99 57 S25 6.5 
See 57 32.5 6.5 
97 56.5 32 6 
95.5 56 31.5 a 
94 55.5 oh mh 
a ea 28 

90 53.5 oa i 

89 53 26.1 

87.5 52 ae 

86.5 51.5 ante 

85 50.5 26.5 

84.5 49.5 25.4 ‘ 
83.5 49 25.2 

83 48.5 25 4 

82 48 25 

81 47.5 24.5 

80 47 23.9 

78.5 47 25 

78 46.5 22.1 

77 46 21.2 

75 45.5 20.3 

74 45 f 19.5 

een 44 19.2 

72 43 19.2 

71.5 42.5 19 

70.5 41.5 19 

70 41 18.8 

69.5 40.5 18.7 

68.5 40.5 18.5 

68 40 18 

67.5 39.5 18 

67.5 39.5 17.6 


WILSON BROS. NORTHWEST RISER. 
BOTLOM READINGS.. 
FIRST TEST. SECOND TEST. 


135.5 55°" aie? Stes eae 
130 52.5 Q5e ae 
122 BL 22.4 122 
118 5045 2202 117 
114.5 50 : 22 (112.5 
lll 49.5 22 110 
108%. ° 49 21.8 - Lov 
105.8 48.5. 21.5 105 
100 47.5 20.5 98 
98 46.5 19.2 88 
93 44 LG 92 
90 o> 42.5 15.9 88 
86.5 42 15.5 1 85 
81 1 i | 2 

o1 oe ee), Sake eae here. 
78.5 40.5 10 

78 39.5 tg Ome 

76 S735 8.7 — 

74 ZEB 5.6 

72.5 35 iia 

70.8 34.5 oe 

68 35.5 

67.4 55 

66 2s5 

65 32 

64 S165 

62.5 30.5 

62 50 

61 29 

60 28.5 

60 28.2 

59 28 

58.5 27.8 

57 PAA, 

57 26.5 


A. G. SPALDING & CO. 


st, BOTTOM READING. SECOND TEST, 


12 162.5 45.5 21 
11.8 154 45 20.4 
11.5 146 44.5 | 19.9 
1LLesS 138 44 19.5 
Lies 132 43.5 19.2 
BH! 126.5 43 2 Le. @ 
10.7 Ler 42 18.5 Blowing. 
10.5 116 41.5 We Ee 
10 en 112 41 aby gre 
9.9 108 40 16.8 
9.6 104 . 39.5 16 
9.2 100.5 39.5 15.4 
8.8 96.5 ~ 3865 14.8 
8.5 94 tte “B38 14.5 
8.2 91.5 3705 14.1 
8 88.5 3725 13.8 
7.6 86 S7 13.3 
72d 84 36.5 11.8 
Tae 82 35.5 11.6 
6.5 79-5 35 11.2 
2 ae 78 ls ae 10.6 
cS 76 3455 9.8 
5. 74.5 34 9 
4.7 73 3365 8.2 
4.3 71 33 i 
309 69.5 32.5 7.8 
3.6 68.5 32 7.5 
34 66.5 . 31.5 75 
3.2 65.5.4 30.5 Tel 
3 64 30 7 
2.8 63 29.5 6.7 
26 5 62 28.5 6 
mi 60.5 28 5-5 
1.5 60 27.5 5 
1.4 58.5 27.5 4.7 
Leh 58 27 4.5 
a. 9 56 . 5 26 e 5 4. 5) 
03 1: ae 26 4.1 
0.0 54.5 25.5 2509 
. 54 25 3-8 
9.80) feet 53 25 ~ 305 
head. ot 24.5 aed oe 5-2 
50.5 24 ts) 
50 25.5 2.9 
49 23 2.6 
48.5 22.5 265 
ATs Si: 22.5 2 
47 22 2 
46.5 22 1-8 


MORRIS, MANN @ REILLY. 
BOTTOM READINGS. —_ 
. SECOND BESB 


{ 


6.8 
Bx 112 41 
505 105s 40S 
ee ae Se 
=e 95 39.5 
4.7 89 We. tat 38.5 
4.7 86.5 » 38.5 
4.7 84.5 38 
4.7 82 37.5 
4.6 _ 78.5 37 
4.5 78 35 
4.5 71.5 35 
ae 70 34 
4.4 68 35.5 
» 495 66.5 33 
on 65 iL2Ze 32 
Sap 63.5 382 
pa 62 YO SRS 
2.4 61.5 Bl 
1.8 60.5 Db 
1.4 59.5 nie 
mr ' 58.5 30.8 
ae 57 30.5 
‘ 0.0 56.5 30.2 
56 29.7 
55.5 29.2 
54.5. 28.7 
54 28 
§1.5 26.9 
51 26.3 
50 25.6 
4965 25.1 
49 24.8 
48 24.5 
47.5 24.3 
46.5 24.1 
46 23.9 
45.5 2367 
44 05. he te 22 08 
44 22.2 
43.5 21.4 
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BOTTOM READINGS. 


~o Qreor NAO 


65 


“N 
o>) 
FEAR oOO ANNO CO 


50.5 Water column 
47.5 25 feet. 
46 \ 


THOMPSON & TAYLOR. 
RISER. FIRST TEST. 


TOP READINGS. 


79 1 
67 i? 
57.5 ws 
49.5 0.0 

; 45 GeO 
3 0.0 
35 0.0 
32 0.0 
29 0.0 
26.5 0.0 
25.5 0.0 
24 0.0 
22 0.0 
19.5 0.0 
18 
16.4 
15.2 
14 
13 
12 
Lied 
10.2 

9.4 
8.8 
Si 
7.4 
6.9 
6.3 
5.9 
5.8 
5.1 
4.9 
4.5 
4.1 
3.9 
3.3 
3.1 
2.8 
2.6 
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THOMPSON & TAYLOR. 


EAST RISER. 


BOTTOM READINGS. 


tai 


9.1 


° 
oO oO 
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Water Column 
3ea5fect. 


SECOND TEST. 


TOP READINGS 
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A. C. 
FIRST TEST. 


27.6 
27.2 
26.9 
Sout 
26.1 
25.9 
25.5 
25.2. 
24.9 
24.5 
24.3 


22.5 
220k 
22 

21.8 
21.6 
21.3 
21.1 
el 

20.8 
20.6 
20.4 
20.2 
20.1 
20 

19.8 
19.6 
19.4 
19.3 
19.2 
19.1 
19 

18.8 


MCCLURG & OO. EAST RISER. 


BOTTOM READINGS. 


17% 
, 7 ea 
17. 
16.7 
16.3 
16 
15.7 
,1535 
LS. 
15 
14.8 
leet 
13.9 
1345 
13.2 
1S 
12.8 
L236 
13% 
12.5 
12.3 
12.3 
12.2 
ee 
12.1 
12 
12 - 
11.9 
11.9 
11.8 
11.8 
11.6 


e e e e s 
noo 


@NINNINCADWONOSO 
one OO Me 


ABWAMAODNWADABMWA 
PRPRPNNAARAaAN 


TEST NOL COMPLETED. 
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TOP READINGS. 


FIRST TEST. 
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» All readings from star on are vacuum readings 


in pounds per square inch. 
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WHST RISER. 


or. BOTTOM READINGS. 


Suction. 


Water Column 
10.5 feet. 


A. C. MeCLURG & CO. WEST RISER. 


SECOND Ti 


rele | 
fl « 


25.7 
25.5 
25 


24.4 
24. 
noe? 
25.4 
COek 
25 e al 
LE69 
2ee7 
2225 
2204 
22.5 
owl 
21.9 
£1.8 
21.7 
21.5 
21.3 
el.e 
21 
20.7 


20.5 - 


20. 
19.9 
19.7 
19.3 
19 

18.7 
18.4 
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BOTTOM READINGS. 
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SECOND TEST. TOP READING. 


6.4 2.6 
o-- £.2 
6.4 Beck 
oa 2 
6.5 1.9 ; 
6.4 OF 
6.2 ee Ramee 
- Bel iB ih 
5.9 ‘1.8 it 
5.7 1.8 7! 
5.4 hes | 
bee jet 
--- Me? fi 
ss pla? fe 
4.9 (18h 
4.8 $1.9) 
4.7 (mma 
4.5 1.7 
_ 1.3 
455 1.) 
‘4.1 Ly 
4 Ms 
3.9 a) 
3.9 [1.2 
Ses S / ok 
308 } [4 : 
3.7 ane 
3.6 Rd 
$6 f \ 9 
=-- | .9 
S05 j | 8 
3.5 / f °7 
3.4 f ht «7 
Soa fig »6 
ton ee, } | 26 
3.5! wie 
Oe Ss i 25 
Mes. ie) 
Bed | +5 
ede lot 
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TRUAX, GREEN & GO. 


FIRST TEST. 


BOTTOM READINGS. TOP READINGS. 


127. 5 32 18.8 5. 1 91 A oe ; oe le 
114.5 31.5 18.5 4.8 79.5 == er ore 
104.5 $168 18.2 4.5 68.5 3.67 7 oe 
97 31 18 4 61 ue ee io 
90 ( 51 17.8 326 54.5 eo ave aS 
85 S61 17.4 «2 48 oe =a aie 
79 50.8 17.2 2.8 43 =o =e 
{eho} 30.5 17 2.4 38.5 =e res! NE 
68 29.7 16.5 2 Sis6 == : Bi 
65 Lake Rea i 16.4 r= 28.5 oe bavi? Bee 
65 28.8 16.5 2 eg ae -- i 
60 23.2 16.5 1.9 23 o- oe ies 
57 eae Lead 1.8 21 4.5 == 
55 27.4 Lee: te7 19 =- ce 
55.5 a7 16 Lee 17 =e D se 
52 26.7 15.7 1.4 a od CR 
51 26.2 15.2 Bb (2 —o wee oa 
49 26 14.8 E : 12 = 
48 14.2WATER COLUMN <== me eas 
poeg 13.8 15 REES = sae ~- 
46.5 25:8 c 13.5 : € ad 8 5 ae 5.45 f 
‘45 h 25 vs ° et ee 
= 13.5 a 4.46 
44.5 24.8 LS. tk ED oe es 
45 24.4 13° 5 ie nied 
42.5 24.1  1e.9 mo a Be Be 
41.5 23.9 5.5 AS fe ae 
41 25.67 42.1 we wept ue 
40.5 2565 11.9 me mo } eee | 
40 2500 11.5 ; peas a ae oe f 
59 25.2 oe al ; oe oo . ia ; 
38.5 23.1 “10.7 00 ay -6.53 
58 23 10.2 == -- oe 
5766 22.8 9.9 -- -- 2 
57 £208 9.8 ee Te aid 
56 22.7 9.7 “= 5.2 ad 
se 22.7 9¥6 -- Set at ae 
22.4 9.6 : ret chi, ae 
os 22.8 ae -< -- ney 
2 a °. —o ow 
34.5 oie 9.3 -- == au 
34 2 Ted: 8.9 2637# == . ee 
O90 20.8 865 ne << 
S565 20.4 7.9 wee = 
33 Foe re ~ e = 
32.5 Tee 6.5 -- 5.3 Sade 
32 19 6 Coal ae a 
32 5e5 os = 


#All readings from star on are 


vacuum readings in inches © 
of mercury. 


2 
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TRUAX, GREEN & CO. 


SECOND TEST. 


BOTTOM READINGS. TOP READINGS. 
125.5 48.5 Bleed 6 88.5 — 
120.5 48 26.7 5.5 84.5 -- 
117 48 26 Sab: 80.5 S 
113 47.5 25.4 4.7 76 hi 
103 47 25.3 4 72 ae 
106 46.5 25 ee all 69.5 == 
108 46 24.7 Bek 66 oes 
100 Wie ite 24.35 2.6 63 a= 
98 45 24 2.4 60.5 == 
95 44.5 23.5 Rod 58 7.5 
92 44.5 235 2e2 55.5 == 
90 43 22.5 Rel 55 == 
87 42.5 2 e 51 — 
85 42 PR 1.9 49 Za 
83 42 el 1.5 46.5 pe 
8105 41.7 20.8 45 Fa 
80 41.5 20.7 a = 
78 40.8 20.5 aa si 
77 40 20.3 j Ey dp 
75 40 20.2 : 

73.5 39.8 2 a ie 
72.5 39.5 19.7 

71 39 1940 ee ie 
70 38 18.5 ® a 
69.5 38 18 31 i 
68 37.5 17.03 we ® 
67 37 16.8 ue a 
66 B7 16.2 

65 36.5 15.8 ie ae 
63.5 36 15.3 pt cn 
62.5 36 14.8 ee 
61 35.5 14.2 wate a 
60.5 35 laa b. ee 
60 35 a) pe 
59 34 12.5 te soak 
58 34. 12.2 a oe 
57 63.5 12 19.5 == 
57 Be 12 aa oe 
56 32 11.8 me 5 
55 32 Midea'7 17 ae 
55 32 11.5 we oe 
54 31.5 Les rn ae 
53 30.5, 10.5 15 let 
52 30.5 ne) shes ees 
Bek: 29 9.3% cs ete 
51.5 29 8.8 13 Sieh 
52 29 8.1 Re eee 
51 28.7 ve We te meee 
50 28.5 7.5 aes eit: 
50 28.2 7 eg 3 
50 27.8 6.5 med 


ALBERT PICK & CO. 


NORTH RISER. 


BOTTOM RHADINGS. 
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TOP READINGS. 


05 
81 


10.5 


© 0© 6-8 eo oOo ethUc UOC BhUCOOUCOOCUCUCOUCUCUCcCOmMUCOmUCcCOlhUCUCcCOmhUCOmMUCUCrOFmhUCcCOmhMUCUChTmUCUChOUhlUO 


JIA OMANDNDHO BFP Danewmsmeococoococq0c0cooc00qcoo00co0dso 


e e es e se 


= 
yh 
= 
KQAGWIVQnvnvndnvnderPnnnrrerr oococoo0c900°co00c0oo0ogce 


# All readings from star 
on are vacuum readings 
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ALBERT PICK & CO. 


NORTH RISER. HAST SECTION. SECOND TEST. 


BOTTOM READINGS. TOP READINGS. 
121 Do iG 04 905 
112 21.3 85 9 
105 20.5 78 8.8 
98.5 19.8 72 8.7 
87.5 18 62 8.4 
82 17.8 57 8.2 
78.5 16.4 55 6 
6B 18 43 74 
65.5 14.6 40 Tee 
65a 14.2 57 ate 
61 13.9 ae ale 
Sag 15.6 31.5 6.2 
es 12.9 30.1 6.1 
55 11.8 28.5 6 
= 11.1 26.9 5.9 
ae 10.2 25.3 507 
Sa 10 24 re 
aig 9.8 23 5e1 
9.5 ¥ 
45.5 9.3 ea ae 
ee. e458 
42 8.6 19.1 4.1 
40.5 8.2 18.7 3.9 
59 7.8 18.1 3.9 
385 6.7 17.8 3.8 
57 5.7 17.4 3.8 
36 4.8 16.8 3.4 
55.5 4.2 16 2 
55 4 15.3 3 
54 3.9 14.7 2.9 
aa 3.7 1423 2.7 
2 ; 13.7 2.5 
of a 13.3 2.2 
51 Sa 13 
29.8 2.8 12.7 
28.8 2 12.5 
27.9 12.4 
2668 12.3 
25.8 12 
25k 11.5 
24.1 10.7 
25.8 10.3 
2504 9.8 


133.5 
132.5 


131.5 
130.5 
130 

129.5 


128.5 


MARSHALL FIELD & OO. 


SECOMD TEST. 
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125 


122.5 
122 
121.5 
121 
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119.5 
119.5 
119 
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118 
117.5 
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105.5 
105 
104.5 
104.5 
104.5 
104.5 
104 
104 


104 
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103.5 


103.5 . 
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103° 
103 
103 
102.5 
102 
102 
101.5 
101.5 
101 


BOTTOM READINGS. 
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95 


94.5 
94 
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94 
93.5 
93 
9325 
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A. C. MCCLURG & CO. WEST RISER. 


FIRST TEST. BOTTOM READINGS. 
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LoXETT 1D) 18.1 9 Pao) 
ss) 17.9 9 0.0 
Zoot 17.8 9 0.0 
2} Ay) oh Bee 0.0 
31.5 17.6 8.8 Suction. 
31.5 7.5 8.8 
21 Las 8.8 
20% L 172% 8.7 
29.9 Ue Le 8.5 
29.5 16.9 a.3 
29.3 16.8 8 
29 16.7 te) 
28.7 Tee weé 
28.5 16.4 fete) 
28.2 16.3 6.9 
27.9 16.2 6.6 
27.5 ae 6.5 
L5.°F 6 
ies 15.1 Be? 
a ‘ 14.8 5.4 
26.5 14.5 5el 
2 14.2 4.9 
pea 13.8 4.7 ie 
2508 13.4 4.4 
25-5 13.1 4 
ae 12.8 3.9 
2407 12.5 3.6 
24.2 Lece Siaoe 
23.8 12 3 
23-4 11.8 3 
Boe 11.4 2.9 
22.7 Lie? 2.8 
Seen 10.9 2.8 
oe LOS 255 
, 20 - 10235 2.5 
21 10.2 2.5 
20.8 10.2 2.4 - 
20.3 10.1 Qed 
20 10 265 
19.8 9.2 ae 
19.7 9.8 ml 
19-6 997 Ser 
19.5 92.6 Pek 
A952 9.6 eae 
19% 9.5 2 i 
18.9 9.4 2 4 
18.7 9.3 2 j 
18.6 9.2 1.9 ; 
18.4 9.2 ie?) . 
18.3 9.1 Led : 
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# All readings from star on are vacuum readings 


in pounds per square inch. 


SSP a Ee Reel ogh Se 


TOP READINGS. 


88.5 
84.5 
80.5 
76 
72 
69.5 
66 
63 


TRUAX, @REEN & CO. 


FIRST TEST. 


BOTTOM READINGS. TOP READINGS. 

127.5 32 18.8 sgl 91 we bs oa 

114.5 51.5 18.5 4.8 79.5 ceed ss a 

104.5 $1.5 18.2 4.3 68.5 5.67 ale coe 

9o7 egal 18 4 61 ne al e2 

90 ol 17.8 3-6 54.5 se a eS. 

‘85 $1 17.4 Oek 48 so Sr om 

75 30.5 LF 2.4 38.5 = == pei 

72 Z, 16.8 2 3 mo aes fe 

68 29.7 16.5 2 aS) ~~ Sere ei 

65 29.1 16.4 2 28.5 om ae ae 

63 22.8 16.3 2 25-5 - ae BE 

60 28.2 16.3 1.9 ao - aa og 

57 27.9 16.1 1.8 Bail 4.5 ie 6.22 

55 27.4 LG. 1 le 7, 19 s=— es . 

53-5 27 16 1.6 17 wee ees 

52 26.7 5.7 1.4 Loans -—= = 

51 26.2 pie Ce “2 ea ee 

49 26 14.8 : 12 ee oa ; 

48 25.7 14.2WATER COLUMN -== we os yea 
Pa 15.8 15 RBES. oe oe ame 

46.5 256 O 13.5 8.5 ee 5-45 oi 

#5 25 13.5 mie 4.46 ait tl 

44.5 24.8 1z.. oe pes — 

45 24.4 13. 5 eee o> 

42.5 eral aL 12.9 =o ane = 

Paro 25.9 12.5 -- ~~ sae 

41 2567 12.1 me oe oo 

$05 23.5 11.9 o = = 

40 23.63 11.5 ana pon coe 

39 Ola Ly tos ee en 

38.5 23.1 10-7 00 as oS 

38 23 10.2 o- ake ee, ONG 

OfeD 22-8 : 9.G eras o- es 

57 22.8 9.8 sitet nid a 

S 2267 9.7 4, Dek ae 

36 B2.7 o#6 wa = i 

22 22.4 9.6 == =e — 

35 22,2 9.6 =e GS Le 

35 21.2 925 <= a on 

$4.5 21.5 9.3 agicy poles ae 

a4 aay 8.9 o B37 % wo ie 

3565 20.8 8.5 wat geo a 

S6<5 20.4 7.9 ld =o az 

33 50.1 74 ae mes ae 

roXe) re os a 

E895 (Lig ts 6.5 = Si uaa 

32 S553) tet Se 


sAll readings from star on are 


vacuum readings in inches 
of mercury. 


128 
127.5 
L27 
126.5 
126 
125.5 


125 


125 
124.5 
124 
12325 
123 
122.5 
122 
121.5 
121 
121 
12025 
120.5 
120.5 
119.5 
T1965 
119.5 


NGS. 


Ae Ge 


FIRST TEST. 


SPALDING & CO. 


BOTTOM READING. 


27.3 12 162.5 
27 11.8 154 
26.5 11.5 146 
26.1 1s 138 
25.8 ies 132 
25.6 11 126.5 
25.3 10.7 121 
25. 10.5 116 
24.6 10.2 112 
34.3 9.9 108 
23.9 2.6 104 
23.3 9.2 100.5 
23 8.8 96.5 
22.8 8.5 94 
22.6 8.2 91.5 
22.4 8 88.5 
pO,2 7.6 86 
22 Telo 84 
21.6 7.2 B82 
91.2 6.5 79.5 
20.6 6 7 
20.3 505 is . 
Sere Wh eo 
sone 4.7 73 
18.9 4.5 7 
18.6 Sed eae 
18.4 306 68.5 
18.1 3.4 66.5 
18 le ot 
6 3 
17.4 eae e 
17 2.5 62 
16.5 : : eae 
q @- 
= ee 58.5 
aes 1.2 58. 
15.3 ae a 
lg 0.0 S405 
o 
res 4.25 feet 53 
14.5 head. 51 
50.5 
14.3 =a 
14 
13.8 re E 
13.3 Bate 
12.9 ee 
47 
12.8 46.5 


SECOND TEST. 


45.5 en 

45 20.4 
44.5 19.9 
44 19.5 
43.5 i962 
43 18.9 
42 18.5 
41.5 i8 

41 17.3 
40 16.8 
3925 16 

3905 15.4 
5Be5 14.8 
38 14.5 
5725 14.1 
5765 13.8 
37 15.3 
56.5 11.8 
2505 11.6 
35 pe BY =) 
35 10.6 
54.5 $28 
54 9 

3505 8.2 
35 8 

52-5 7.8 
32 725 
Sle 5 75 
30.5 Tal 
30 16 

29.5 6.7 
28.5 6 

28 505 
27-5 5 

2725 4.7 
male 4.5 
26-5 40% 
26 4.1 
25-5 2509 
25 328 
25 305 
24.5 Bee 
24 3 

Zoe 5D 2.9 
285 226 
2225 205 
22.5 2 

22 2 

22 1.8 
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A. C. McCLURG & CO. WEST RISER. 


SECOND TEST. TOP READING. 


20.5 6.4 223 

EQ. Se Bee 

19.3 6.4 Dietk 

18.8 SS 2 

18.35 6.5 1.9 4M 
The7 6.4 1.9 f 
17.4 6.2 1.9 {i 
Bis, 6.1 16 i 
16.5 5.9 1.8 
16.2 5.7 1.8 i 
15.5 54 1.8 Hl 
15 52 Let h 
14.7 Pei 1.7 
14.4 catmar: pA 

14 4.9 1.8 

13.6 4.8 1.9 

15.3 4.7 as 

12.9 4.5 alas 

12.6 oe 1.6 

12.3 4.3 1.5- 
11.9 4.1 1.4. 

11.6 4 1.5) 
LESS 3e9 1.5 on 
11 3.9 1.2, 

10.9 —— LL 

10.6 5.8 ol 

10.3 37 1 

10 5.6 Ll; 
9.8 3.6 39 

9.5 Pa [ee 

9.2 3.5 / °8 

AR.2 Be { ot 

Sei 3.4 f a 

8.4 3.4 oe 

8.2 3.3 os 

7.9 3-5 “6 - 
7.8 5-5 75 

.75 3.5 te 

7.3 --- a8 

72 3.4 Oe 

” paar 4 

6.9 Se4 74 
6.8 3.63 igi 

és eer 04 

6.7 2.9 4 oa 

6.6 2.9 22 

6.6 Der °2 

6.5 2.6 ol 

6-4 Bie SD j 

6.3 24 ] 


A. 


C. McCLURG & CO. 


SECOND TEST. 


2507 
25-35 
25 

24.8 
2424 
24 

23507 
25.4 
2502 
Sie 
LED 
22-7 
2205 
2204 
22.5 
22.1 
21.9 
21.8 
21.7 
21.5 
21.3 
21.2 
21 

20.7 
20.5 
2062 
19.9 
19.7 
19.8 
a) 

18.7 
18.4 
18.1 
17.8 


14.2 
14.1 
14 

13.9 
13.8 
13.5 
13.3 
LZso 
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WEST RISER. 


BOTTOM READINGS. 


x ALBERT PICK & CO. 


\ NORTH RISER. EAST SECTION. SECOND TEST. 


BOTTOM READINGS. TOP READINGS. 
121 22 ue eS 
112 21.3 
105 20.5 78 8.6 
98.5 19.8 Be ml 
Zz 19 4 ‘ 
87.5 18 6£ Bo4 
62 1702 57 8.2 
78.5 16.4 55 & 
74.5 16 oC Mes 
71 15.1 a oe 
68 14.8 i oe 
6505 14.6 ay oe 
63.5 14.2 es ae 
61 13.9 25 ane 
58.5 13.6 ae ane 
ay Bee 30.1 6el 
55 11.8 PaEe : 
6 
= a 26.9 5.9 
Sats 25.5 547 
50 10 ra 
a7 . 905 22.1 4.9 
45.5 9.3 21.2 4.7 > 
bn 9.2 ~ 20.5 4.5 
45 9 19.8 4.3 
42 ~8.6 19.1 eh 
40.5 Bek 18.7 Z.9 
59 7.6 1a.1 369 
38.5 667 17.8 3.8 
“37 5.7 17.4 368 
36 4.8 16.8 3.4 
35.5 4.2 16 eal 
S5 4 15.5 3 
34 39 14.7 2.9 
55 3.7 14.1 oe 
32 3.5 13.7 2.5 
32 Bed BeS = Bek 
51 Set 13 
29.8 2.8 12.7 
28.8 2 12.5 
27.9 12.4 
2668 12.3 
25.8 12 
25.2 ae 
24.7 1 
24.1 10.7 
23.8 10.3 
25.4 9.8 
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WILSCN BROS. NORTHWEST RISERe 
POTTOM READINGS. 


FIRST TEST. SECOND TEST. 


135.5 55 24.5 135 
130 5205 2507 120 
127 Si 22.8 126 
122 51 22.4 122 
118 50.5 Leen 117 
114.5 50 22 112.5 
1ll 49.5 22 110 
108 49 21.8 107 
105.5 48.5 21.5 105 
102.5 48 21-3 102 
100 47.5 20.5 98 
98 46.5 19.2 96 

95 45 1€ 93.5 
93 44 16.5 9° 
92 453 16.1 90 
90 42.5 15.9 88 
87.5 42 Se 7. 86 
86.5 42 15.5 85 
82.5 41.5 14.1 82.5 
al 41 5 Discontinued here. 
80 40.5 11.1 

78.5 40.5 10 

78 39.5 909 

76 37.5 &.7 

Ten 55 + 

70.5 34.5 : 

68 35.5 

67.4 53 

66 See 5 

65 32 

64 31.5 

62.5 30.5 

6e Ho1 0) 

61 29 

60 28.5 

60 28.2 

59 28 

58.5 27.8 

57 Site SS 

57 26.5 

56 25.5 


ON BROS. SOUTHWEST RISER. 


BOTTOM READINGS. 


NO SECOND 


CHICAGO MERCANTILE Co. 


EAST RISER. BOTTOM READINGS. 
FIRST TEST. SECOND ‘TEST. 


125 43 18.8 125 42.5 
119.5 42.7 18.4 121 42 
114.5 42.4 17.8 115.5 41 
109 42 17 110 20 
105 41.7 16.3 106 ee 
102.5 41.50 1565 nae - 
97.4.5 40.8 14.8 805° ogee! 
93 39.5 15.9 BORD. gers 
91 38.5 13 i oe 
88 38 12 = 37, 
; 85 57 11.5 patna 2668 
82.5 37 5 En oe 35.8 
80.5 S667 11.2 (ese 35.2 
78 36 11 iss as 
76 55.5 10.9 73 35 
75 55 10.7 7168 34.5 
73 35 10.5 70. 35 
70.5 2 9.4 69 52.2 ke 
70 54.6 8.8 67.5 32 8.6 ot Be 
oo s 2-8 Be 66.5 52 Be2 ye 
66.5 33 7.3 65 Sr Tot bite 
65 32.4 ao6 64 30 fee Lee 
63 30.4 boo 61.8 28.7 6.1 ey) 
61.5 29.8 5.8 60.3 28.3 5.9 iis 
61 28.5 5.3 59.6 28.1 Sen, f 
60 28 4.8 58.5 28 565 
5865 a7. 4.2 58 L767 4.8 
58 27.4 3.9 57 27.5 4.3 
57 2708 3 56 etd 5.8 
56-8 oO” 2.6 55 OL Sea 
56.4 26.6 Bar 54.5 .. 26.7 268 
54.8 26 1.4 52 2605 1.7 ie 
52 25.6 14 50.5 24.8 1.2 t 
52-5 25 1.3 49.8 as ‘ : “| 
52 24.2 és 48.5 Se 
51.2 23.5 ey 48 = iiiaay aire oy 08 
48.5 21.8 28 47 a2 0 
47.8 20.9 5 46.8 dies a ! ; i 
a7 aa = 46 es SLIGHT BLOWING. iW 
oe 19.6 SUCTION ae 19.4 if 
ao 19.6 WATER COLUMM 45 19.2 | 
45 19 u 44.2 . ey 
44.2 = 43.8 - 39 h 
43.8 19 43 18.8 
4 
At 
ie 


es Ca A a ie &2 ae 5 = SS ie Sa nS Si - a 
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ALBERT PICK & COs 


NORTH RISER. 


BOTTOM READINGS. 
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EAST SECTION. 


FIRST TEST. 


TOP READINGS. 
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* All readings from star 


on are vacuum readings 
in inches of mercury, 


THOMPSON & TAYLOR. 


EAST RISER. FIRST TEST. 


TOP READINGS. 


9 79 1 
8.8 67 a7 
8.35 YCre) Ae 
eit 49.5 0.0 
7 45 0.0 
6.4 39 0.0 
5.8 35 0.0 
aak 32 0.0 
4.35 29 0.0 
4 26-5 0.0 
1.9 25.5 0.0 
1 24 0.0 
a6) 22 0.0 
al 19.5 0.0 
0.0 18 
Water column 16.4 
2.5 feet. 15sec 
14 
13 
12 
Li. 
10.2 
9.4 
8.8 
8.1 
7.4 
6.9 
6.3 
5.9 
26.1 Be 
24.8 4.9 
22.6 (etd) 
22.5 aot 
| 21.4 3e9 
, 20.5 aS “- 
19.3 mee 
16.3 2.8 
| 17.3 2.6 
16.3 24 
14.8 1.9 
14 1.8 
La.2 v6 
12.4 Lad 
: 1256 1.3 
10.9 1.2 
10.3 1-2 
9.8 1el 
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ss THOMPSON & TAYLOR. 
EAST RISER. SECOND TEST. 
{TOM READINGS. TOP READINGS 
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MORRIS, MANN & REILLY. 


BOTTOM READINGS. 


SECOND BESS 
23.2 6.8 121.5 42 20.1 
25.1 6.4 116 41.5 19.3 
22.9 6 1lé 41 18.6 
22.4 5.6 107.5 40.5 17.8 
ob. Oe 103 40.5 17.4. 
21.3 4.9 99 40 ally dates 
20.9 4.9 95 39.5 17.2 
20.4 4.8 92 FS ee 16.9 
20.2 4.7 89 38.5 16.7 
19 4.7 (86.5 38.5 16.4 
1g 4.7 82 37.5 15.2 
18.6 4.6 78.5 37 14.4 
18.3 4.6 77 36 13.6 
18 4.6 75 35.5 12.7 
17.6 4.5 73 35 11.7 
1734 4.5 iad 35 10.9 
17.3 4.5 70 34 10.4 
=e 4.4 68 33.5 10.5 
tae 4.3 66.5 33 10.2 
? 4 65 32 2022 

17.2 3.3 63.5 32 9.9 
PH. 1 2.9 62 31.5 9.3 
LY, 2.4 61.5 31 8.4 
16.9 138 60.5 = ‘iat 
16.7 1.4 59.5 “<= 6-5 : 
16.5 1 58.5 30.8 5.35 s 
15.8 Pat 57 30.5 ~ 39 
15.5 0.0 56.5 30.2 2.7 

56 29.7 2.5 

55.5 29.2 2.4 

534.5 28.7 2.5 

52.5 2725 1.8 

51.5 26.9 1 

51 26.3 0.0 

50 25.6 

49.5- 25.1 

Ag 24.8 

48 24.5 

47.5 24.3 

46.5 24.1 

46 23.9 

45.5 oS e7 

45 eons 

44.5 2248 

44 29).2 

43.5 21.4 


FIRST TEST. BOTTOM READINGS. 


PATS) US 6.7 
alee 17.2 6.5 
26.9 ales 6.5 
Bowit 16.7 6.3 
226i. 1 G65 6.35 
25.9 16 602 
2565 Wet 6.2 
2502 15.5 (eal 
24.9 Tsoh 6.1 
24.5 15 iGierl: 
24.3 14.8 6 
23.8 ai Gab 6 
23.7 13.9 6 
Boe SD oD 5.9 
23,2 13.2 5.8 
23 15 
29.8 12.8 TES NOT COMPLETED. 
12.6 
2218 12.7 
39 12.5 
21.8 12.5 
21.6 see 
21.3 a 
me 
aa TOee 
pV} x 
20.8 12 
sd 11.9 
AO i Ci UESS) 
20.2 11.8 
205 1358 
20 11.6 
19.8 215 
19.6 11.4 
19.4 Tee 
19.3 10.8 
19.2 10.5 
19.1 10.2 
19 10 : 
18.8 9.8 
Be 7 9.5 
rE Bloun 9.28 
TE. 5 9 
TSS 8.8 
18.2 , 186.5 
18 8 
1a 7.9 
17.9 7.8 
iat 7.4 
17.6 72 
Wy AMS) 6.9 
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A. C. Mec . WEST RISER. : a 
SE A zs | A. CG. McCLURG & CO. WEST RISER. TRUAX, GREEN & 00. 


FIRST TEST. BOTTOM READINGS. 5 FIRS? TEST TOP READINGS SECOND TEST. 
xe . e De 


BOTTOM READINGS. : TOP READINGS. 


18.2 
18.1 
17.9 
17.8 
17.7 
17.6 
17.5 
17.3 
17.3 
17.1 
16.9 
16.8 
16.7 
16.6 
16.4 
16.5 
16.2 
16 
15.7 
15.1 
14.8. 
14.5 
14.2 
13.8 
3.4 
13. 
12.8 
12.5 
12.2 
12 
11.8 
11.4 
11.1 
10.9 
10.5 
10.3 
10.2 
10.1 
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of) Rie 125.5- 48.5 
“7 120.5 48 
oe : : 117 48 
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‘# All readings from star on are vacuum readings 
in pounds per square inch, 


TRUAX, GREEN & CO. é 


A. G. SPALDING & CO. 
FIRST TEST. 


FIRS TEST. BOTTOM READING. SECOND TEST. 


BOTTOM READINGS. TOP READINGS. 


128 
Be “ 127.5 
127.5 _ 52 18.8 5.1 91 ie aS ~< 127 
114.5 31.5 18.5 4.8 79.5 Ls ise ae 126.5 
104.5 Sales 18.2 4.3 68.5 3.67 ee ; 3 196 
97 31 18 4 61 aed ai = 125.5 
20 31 17.8 3.6 54.5 = ae -- 125 
85 ~ 3] 17.4 3.2 48 cos aK oo 125 
79 30.8 17.2 2.8 45 on we 6.18 ; Teas 
75 30.5 17 2.4 3865 FS i -- “ 
72 20 16.8 2 3 ae 5.3 os 124 ts 
68 29.7 16.5 2 31.5 -- ep sal 123.5 Boo 
65 29.1 16.4 2 28-5 a =o as ¥ 2 Hee 5 9.2 
63 28.8 16.5 2 25.5 ie aS -- uO) 8.8 
60 28.2 16.5 1.9 as) ae aS -- ee 8.5 
57 27.9 16.1 1.8 21 4.5 og 6.22 121.5 ace 
55 27.4 16.1 1.7 19 -- ea 121 a 
35.5 se 16 1.6 17 == =a 121 6 
52 Be SH 1.4 -- -< 5 120.5 ite 
51 36.2 15.2 1.2 ~« = ae 120.5 ae 
49 26 Late = wes es a5 120.5 6.5 
48 55 14.2WATER COLUMN == we en 119.5 5 
aGss eee 3.8 15 REEB. -- ve 5 Ag 119.5 5.5 
a5 Sone 3.5 8.50 =. 28 119.5 ea 9 
44.5 Zo 13.5 -- 4.46 ce Lig oae pas 
ae 24.8 1z.1 ore te ae 118.5 4 a 
43 24.4 = = - 4.5 
Bon ; 15 5 at 118 BG 7.8 
42.5 £4.1 12.6 ae ate o- 5G 7.5 
41.5 23.9 Be — 118 3.6 25 
4 see 12.5 Sa re L 117.5 3.4 7.3 
ce 25.7 12.1 “ - a 117 ae Tel 
eho 23.5 11.9 == cee == i 116.5 ‘ 7, 
= BbA8 11.5 cs a es 116 6.7 
ae ee a ae Bes “6.53 | 11565 Che 
38.5 23.1 10.7 00 at 11.5 5.5 
38 23 10.2) cot cE: ae = 5 
57-5 22.8 9.9 =< ce ea re 4.7 
37 22.8 9.E ee -- cee z Hues 405 
=6 22.7 9.7 - 5.2 =e 114 Se 
36 22.7 #6 Sone -- ee ae : 4.1 
35 22.4 9.6 -- -e na Se! -3.9 
55 22,2 9.6 - re he 11% 3.8 
35 21.0 8.5 aS S “ 113 3.5 
34.5 21.5 9.3 -- -- se z 112.5 3.2 
o4 21.1 8.9 06374 -= oe 112 5 
3 A0.a 2.3 He = = 111.5 2.9 
z 20.4 7.9 ne -- re 111 2.6 
3 20.1 7.4 —e -~ a a 110.5 2.5 
3 9 7 = -- = 110.5 2 
3 ee 6.5 -- 5.5 a0 5 110.5 2 
2 fd 6 = Pa =“ 110 1.8 
3 5.5 - 6 oe 109.5 
109 
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WILSON BROS. 


WILSON BROS. SOUTHWEST RISER. 
NORTHWEST RISER. : 


CHICAGO MERCANTILE CO. 
BOPTOM READINGS. 
BOTTOM READINGS. 


FIRST TEST FIRS EAST RISER. BOTTOM READINGS.» 
T TEST. 
- SECOND TEST. IRS c 


NO SECOND THaT. 


SECOND TEST. 
FIRS? TEST. ne 
42. 
2 
4 ’ 132.5 66 58 oye alee 125 43 He res aD 
135.5 55 24.5 135 130 65 37.5 15.2 119.5 42.7 18. 116.5 Al 
130 52.5 2507 130 127 65 37 14.5 114.5 42.4 17.8 110 40 
cy 51 22.8 126 124 64 36.5 13.4 109 42 17 106 39 
122 51 22.4 122 121.5 63.5 35 15 105 41.7 16.3 102 as 
118 50.5 SRO ile 118 62 34 12.8 101.5 41.5 15.5 08.5 87-7 
114.5 50 22 11265 116 62 33.5 12.6 9768 40.8 14.8 Sauses. Sie 
nie 49.5 22 T10 115.5 61 33.5 12 93 39.5 15-9 ag Shes 
108 - 49 2te8 LO, 111.5 60 33 11.3 91 38.5 13 86 57 
105.5 48.5 21.5 105 ; 38 12 83.5 37 
ae los 88 2 
102. 48 eleo ie 85 37 11.5 83.5 36 
100 47.5 20013 98 82.5 37 1.3 79.5 55s 
98 46.5 19.2 aoe e 80.5 56.17 11.2 77 EDs 
95 45 18 93.5 78 36 11 76 BS 
O83 44 16.5 92 76 35.5 10.8 73 e 
92 45 Hiei 2 ve 35 10.7 71.8 345 
90 42.5 wee ee 3 55 10.5 70 Ee 
87.5 42 meee be Oa 35 9.4 69 Bek 
6.5 a é Aes ae 70 34.6 8.8 aise 32 Bee \ 
ae 41.5 Wea, 82.5 68 Se Bs 66. oe ah 
a1- 41 Discontinued here. 65. 82.4 6.6 pe 2901 a8 
80 21.8 5 63 - 
64 oe 6.5 28.7 6.1 
63 30.4 6.2 61.6 28.3 59 
61.5 29.8 5.8 poate gant 567 
61 28.5 5.3 5Q» 28 5.5 
60 28 4.8 5800 < oray 4.8 
58.5 27.7 4.2 a 2765 4.5 
z 2 58 27.4 3.7 ae 27.1 5.8 
35 3.3 7 27-1 3 27 Set 
35 3.2 26.8 27 2.6 26.7 2.8 
‘ 34.5 3 56.4 26.6 22 26 204 
oe 34 2.3 55 26.4 1.7 26.5 1-7 
68 35 54.8 26 1.4 ee “ai 
7 33 52 25.6 1.4 2 
see 32.5 9) tale ee ae SI 
65 32 52 24.2 1.2 Bese “3 
Bd 2 23.5 1. . ; 
64 31.5 51. 25. *9 ie) } 
62.5 30.5 sues ae oe ieee a ‘ 
62 30 Boo, wee 5 46-8 19.8 SLIGHT, BLOWING: 
61 29 47.8 20.9 5 46 aie E 
60 26.7 47 20 ° 46 - 
60 28.5 46 19.6 sucTION 45 tee : 
£0 28.9 4502 19.6 WATER COLUMM 45 19.1 
59 28 45 2 FEET. 901 
5825 27.8 
57 27.5 
57 26.5 
56 25.5 
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ALBERT PICK & CO. 


NORTH RISER. EAST SECTION. 


FIRST TEST. 


TOP READINGS. 


85 0.0 122. 
81 0.0 iii 
70 0.0 101 
62 0.0 98 
55 0.0 86 
49 0.0 81 
44 0.0 76 
3905 020 72 
35.5 020 68 
32 0.0 65 
29.5 0.0 63 
2762 0.0 60 
24.5 0.6 
25.5 020 
20.6 0.0 
18.7 0.0 
17 0.0 47.5 
15.5 060 
14.1 0.0 
12.8 0.8 
11.6 8 
10.5 1.2 
905 1.6 
8.4 1.8 
74 2 
6.5 2.1 
507 2 
4.9 1.8 
4.2 1.9 
3.4 2.2 aaa 
2.8 2.4 24.8 
2.4 2.6 23.6 
2 2.8 eae 
1.8 3 nue 
1.7 3.3 ae 
1.6 3.5 : 
1.5 3.7 dee 
1.4 3.7 aoe 
ae’ 16.3 
oie) # All readings from star 5 
1-6 on are yacuum readings es 
ei in inches of mercury, re 
aes 13.2 
# 12.4 
0.0 11.6 
0.0 10-9 
0.0 10.3 
0.0 eA 
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EAST RISER. FIRST 


TOP READINGS. 
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49.5 0.0 
45 0.0 
39 0.0 
55 0.0 
32 0.0 
29 0.0 
26.5 0.0 
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SECOND TEST. 
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A. C. McCLURG & CO. HAST RISER. 
MORRIS, MANN & REILLY. 
FIRS? TEST. BOTTOM READINGS. 
BOTTOM READINGS. 

FIRST TEST. Secon BEg : : Bune 
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